Three long standing problems related to the physics of water viz, the possibility of vitrifying bulk water by rapid quenching, its glass transition, and the supposed impossibility of obtaining supercooled water between 150 and 233 K, the so-called "No Man's Land" of its phase diagram, are studied using the highly sensitive technique of spin probe ESR. Our results suggest that water can indeed be vitrified by rapid quenching, it undergoes a glass transition at ~ 135 K, and the relaxation behavior studied using this method between 165 K and 233 K closely follows the predictions of the AdamGibbs model. 
ASW between 136 K and the crystallization temperature of ~155 K giving further credence to the proposal of T g of ~ 136 K. However, Angell and co-workers noted [11, 12] that the fact that the excess enthalpy of HGW is still unrelaxed at 150 K, the crystallization temperature to cubic ice phase I c , means that the T g needs to be revised to 165 ± 5 K. This proposal and the calorimetric data on which it is based is controversial [9] in spite of a more recent study [13] on inorganic glasses which by comparison concludes that what happens in amorphous water at ~136 K is a 'shadow glass transition'.
Another noteworthy feature of the phase diagram of water is the occurrence of homogeneous nucleation around 233 K [14] while cooling, below which supercooled water cannot exist. Coming from the low temperature side, if the amorphous water is heated above its T g, up to the crystallization temperature of ~150K it can exist in the form of supercooled, ultraviscous liquid. The temperature range from 150 K to 233 K, however, is excluded for the occurrence of supercooled water and is called the "No Man's Land" [15] in the water phase diagram.
In this work, we report on an attempt to vitrify bulk water by direct rapid cooling, which, as we believe, turns out to be the first successful way of doing so. We study this amorphous ice produced by spin probe electron spin resonance (ESR) [16] , and demonstrate that around 135 K the amorphous ice transforms from a rigid material to one that executes fast dynamics. Comparing this result with those of similar experiments done on well known glass formers, we conclude that amorphous water indeed undergoes a glass transition around 135 K. We also find that the technique is able to give information on the relaxation behavior over the entire temperature range from about 165 K to 300 K, which qualitatively fits the existing theoretical models.
The most direct method of determining the T g i.e. DSC, is unable to give unambiguous signature of the glass transition in samples that experience a very small change in C p at T g , such as partially crystalline amorphous polymers or water. T g in such systems can still be estimated [17, 18] by using the highly sensitive, though indirect, technique of spin probe ESR. In this work, we first demonstrate the power of the technique by determining the T g of two well-known monomer glass formers viz.
propylene glycol (PG) and glycerol and subsequently apply it to the determination of the Tg of water.
The amorphous water samples were prepared by directly exposing a capillary (dia Note that the gross features of the spectrum continue unchanged across the nominal freezing temperature of 273 K. This is because pure water in micron-sized capillaries does not crystallize at this temperature but continues in the supercooled state down to T N .
The drastic change in the spectral shape across T N is noteworthy. Below T N since water has crystallized, it no longer accommodates the radicals inside (we recall that crystallization is one of the most efficient methods of purification), which aggregate outside the ice crystals and now because the sample is no longer dilute gives a broad signal. In addition, fast quenching experiments were carried out on propylene glycol (spectra shown in fig 1c) and glycerol (spectra not shown) samples and the results validate the technique as described below. This splitting corresponds to the non-vanishing isotropic value of the 'A' tensor and is observed at a temperature higher than but correlated with T g . The crossover is reflected in a sharp reduction in the separation between the two outermost components of the ESR spectrum, which corresponds to twice the value of the z-principal component of the nitrogen hyperfine tensor, 2A zz , from ~ 70 G to ~ 30 G.
We plot 2A zz vs T for fast quenched water, propylene glycol and glycerol in figure   2 . The behaviour is similar to that observed in a large number of synthetic polymers and monomers where a characteristic temperature T 50G has been identified which corresponds to the temperature at which 2A zz = 50 Gauss. A near universal, semi empirical, correlation has been found [17] between T 50G and T g, which is shown in the inset to figure   2 . Indeed, the temperature T 50G corresponds to the 'high frequency' glass transition temperature reflecting as it does the temperature at which the relaxation time crosses the window of ~10 -8 s expected at a temperature higher than but correlated with T g .
From figure 2 , it is observed that 2A zz undergoes a sharp transition in all the three samples, at 162, 242.5 and 259.5 K respectively in water, PG and glycerol.
Corresponding to these T 50G 's we read out from the correlation plot (inset to fig. 2 of T g for water as well, and conclude that the T g of water is close to 135 K and not 165 K.
The temperature dependence of the dynamics of supercooled water as reflected in the behaviour of viscosity and the relaxation time has also been the subject of a number of theoretical as well as experimental studies [7] . The central topic that has been debated is a possible, anomalous crossover from fragile to strong nature while going from moderately supercooled region to deeply supercooled region i.e. on approaching T g from above. The data on viscosity close to T g have been scarce and those for T > ~240 K have been fitted to a model based on the Adam-Gibbs equation τ = τ 0 exp (A / T S conf ) where τ is a characteristic relaxation time (e.g. ∝ the viscosity), τ 0 and A are temperature independent constants and S conf is the molar configurational entropy. A number of studies have shown that the orientational relaxation time of the spin probe reflects the diffusive behaviour of the host though depending upon the system it may be either fully or partially coupled to the host dynamics. Using the spin probe ESR spectra, in the fast motion regime, i.e. for T > T 50G the τc's of the probe can be calculated [20] 
where, as indicated on one of the signals in fig. 1(c) , h +1 is the peak to peak amplitude of the low field signal, h -1 is that of the high field signal and ∆H +1 is the peak to peak width of the low field signal. In fig. 3 , we plot the correlation time τ c obtained for water and PG calculated using equation 1 vs T g /T. Similar analysis was not attempted for glycerol because of lack of enough data points above T 50G . The data for PG fits a straight line Arrhenius dependence excellently whereas the anomalous nature of water is clearly seen.
We compare this experimental result with the behaviour of the viscosity η of water obtained from ref. [21] . The η → T plot in this work covers a few experimental points in the limited temperature range (of moderately super-cooled region) and a theoretical curve based on the Adam -Gibbs model in a broader temperature range of T g / T varying from about 0.4 to 0.9. The applicability of the model has been corroborated by recent computer simulations [22] . Noteworthy is the close similarity between the τ c behaviour obtained
by us for almost the entire range and the viscosity curve. A perfect match is not expected between τ c of the spin probe and the viscosity η of the host in view of the possibility of decoupling of diffusion and viscosity on approaching the glass transition [23] . However, the observed similarity of the qualitative features of the curves over the wide temperature range indicates that the probe relaxation is intimately connected with the host dynamics.
The τ c data of supercooled water reported by us in fig. 3 is seen to cover a wide temperature range within the so-called "No Man's Land" where we observe narrow ESR signals signifying the presence of supercooled water. The key to the understanding this apparently puzzling result is in the structural and dynamic heterogeneity of water discussed over a long time [24] [25] [26] . Experimental proof of this is provided by the femtosecond mid-ir pump-probe spectroscopic evidence [27] for the occurrence of two types of relaxation: one very slow for strongly hydrogen bonded water molecules and the other fast for weakly H-bonded molecules indicating that two distinct molecular species exist in liquid water. Raman spectroscopic study of Nishi et al [28] gives evidence for four different types of water molecules: (1) "free" water, whose molecules do not participate in any hydrogen bonding, (2) weakly associated water, the molecules of which have one hydrogen bonded to a neighbouring water but the other one is not bonded, (3) strongly bonded water with molecules both the hydrogens of which are bonded and (4) icy water with tetrahedral coordination. It stands to reason that more weakly bonded water molecules (i.e. those that are less likely to have the tetrahedral structure) are easier to vitrify since one of the main reasons for water being a poor glass former is understood to be the fact that the symmetry of the ice crystals is consistent with that of short range tetrahedral bond ordering [29] present in liquid water. We believe that it is this "free" or/and free + weakly associated water, which forms a small fraction of the entire sample, 
